ABSTRACT In an investigation of a rapid screening test for airway reactivity using isocapnic hyperventilation with room air and cold air the results of this test were compared with the airway response to histamine and methacholine challenge. Twelve non-atopic, non-smoking normal subjects and 11 subjects with stable asthma who had an FEV, above 74% of the predicted value were studied. In the normal subjects isocapnic hyperventilation with room air (75 I/min; 22°C (SEM 0.20); 10 mg H,O/l air) and isocapnic hyperventilation with cold air (77 1/min; -10°C (0.90); 2*4 mg H O/1 air) produced no significant change in FEV. In the asthmatic subjects, hyperventilation with room air ( Both tests separated normal from asthmatic subjects. PC,0 for both histamine and methacholine correlated with the fall in FEV after cold air hyperventilation (r = 0.93, p < 0-001; r = 0-87, p < 0-001 respectively). We conclude that the results of a rapid screening test based on hyperventilation with cold air correlate well with a standard pharmacological challenge.
Bronchial airway hyperreactivity to a variety of stimuli is a characteristic feature of asthma.' Bronchial inhalation challenges are therefore used as laboratory tests for the diagnosis and assessment of patients with asthma, for the study of risk factors in lung disease, and for the study of occupational airway disease.25 The most widely used methods of provocation have been exercise and inhalation of pharmacological agents such as histamine and methacholine, though exercise challenge may be a less sensitive test of airway reactivity.6 Pharmacological challenge tests have been widely studied.2 ' The results are influenced by a variety of technical factors that require standardisation.7 In addition, the tests are time consuming, often requiring an hour or more. Recently isocapnic hyperventilation has been used and advocated as a simple test for non-specific airway hyperreactivity.8 A simple, rapid screening test would be advantageous for diagnostic and epidemiological studies.9 '°I n this study we developed a rapid screening test for non-specific airway reactivity using isocapnic hyperventilation with room air and cold air. The results were then compared with the airway responses to inhaled histamine and methacholine.
Methods

SUBJECTS
Twelve untrained, non-smoking, non-atopic normal adults (seven men and five women, mean age 29 (SEM 4) years) and 11 untrained, non-smoking stable asthmatic adults (three men and eight women, mean age 25 (6) (Ti) was measured by a thermometer 4 cm upstream from the mouth. The water content of room and inspired air was calculated from the temperature and relative humidity of room air, measured by a standard mercury thermometer and hydroscopic membrane hygrometer and from measurements of inspired air temperature. Relative humidity was expressed as mg H20 per litre of air. 14 Expired air was directed into a 7 litre reservoir bag that was constantly evacuated through a calibrated rotameter by a vacuum pump.
End tidal carbon dioxide (PETCo,) was measured at the mouth by a Beckman LB-2 analyser; carbon dioxide (50%) was added to the inspired air to maintain a constant PETCO, during hyperventilation.
Subjects were seated and inspired room air or cold air through the heat exchanger. The target minute ventilation (VE) chosen for each subject was 70% of the calculated indirect maximum breathing capacity.'5 Target VE was maintained by instructing the subject to breath enough to keep the reservoir bag filled. Each period of hyperventilation lasted three minutes. sGaw, lung volumes, and spirometric values were determined before and five minutes after cessation of hyperventilation.
INHALATION TESTS
Test aerosols of histamine or methacholine were generated from a DeVilbiss #45 nebuliser operated by compressed air at 50 lb/in2 (0.345 kPa) and a flow rate of 5 1/min to give an output of 0-156 ml/min. A nose clip was worn and the aerosol inhaled through the mouth by five slow vital capacity manoeuvres, each separated by a five second breath hold. A buffered saline diluent was nebulised first, followed at five minute intervals by twofold increasing concentration of either histamine or methacholine (0.03 -25 mg/ml). sGaw, lung volumes, and spirometric values were determined before and five minutes after each dose. Inhalations were discontinued when the FEV, had fallen by 20% or more. The provocative concentrations of histamine and of methacholine producing a 20% fall in FEV, (PC,OH and PC,M) were obtained from log dose response curves by linear interpolation.
PROTOCOL
Each subject presented to the laboratory at the same time of day for four days over a two week period. The subjects rested for 30 minutes before testing. The four tests-one inhalation test with histamine and one with methacholine, isocapnic hyperventilation with room air, and hyperventilation with cold air were performed in a random order on the four days.
All asthmatic subjects received the inhaled ,1 agonist metaproterenol at the completion of each protocol. After completion of the study each subject was asked about any side effect.
ANALYSIS OF RESULTS
Linear regression analysis was used to determine the relation between PC2M, PC,OH, and the fall in FEV after isocapnic hyperventilation inhaling room air and cold air. Student's t tests for paired and unpaired observations were used to evaluate significance. 16 
Results
The results of the challenge tests for the asthmatic subjects are summarised in table 1. The asthmatic subjects had a mean baseline FEV, above 74% of the predicted mean value (mean 91% (SD 16%)).
Normal subjects had a mean FEV, of 3 40 1 (93% (11%) predicted). In the normal subjects the mean 2 and fig 1) . After hyperventilation of cold air asthmatic subjects had a mean fall in sGaw of 52% (range 26% to 86%) and a mean fall in FEV, of 20*4% (tables 1 and 2). Thus isocapnic hyperventilation separated normal from asthmatic subjects with room air (p < 0.001), but less so than with cold air (p < 0*001; fig 1) .
Both methacholine and histamine inhalation tests separated normal from asthmatic subjects (p < 0-01; fig 2) . The PC0,,M correlated closely with the PC.,H (r = 0-95, p < 0-001; fig 3) . Bronchial responsiveness to cold air correlated with responsiveness to both methacholine and hista- Furthermore, they observed that the cold air responsiveness was highly reproducible. Isocapnic hyperventilation of cold air has been advocated as a simple test of non-specific airway reactivity.8 '0 The protocol is simple to perform and rapid (10 minutes) and the training period for the subjects is negligible. The equipment is available in most hospitals and pulmonary function laboratories and can be compact and mobile.9 All the variables (VE, PETco,, inspired air temperature, and humidity) can be satisfactorily controlled. The procedure was well tolerated by all subjects, whereas four normal and three asthmatic subjects had side effects from histamine (flushing, headache, hoarseness, laryngospasm) and methacholine (increased watery O'Byrne and others'7 reported a response to isocapnic hyperventilation of cold air in 23 of 26 asthmatic subjects. The three non-responders had been symptom free for more than one year, and they had a normal PC20M, above 25 mg/ml. Two normal subjects responded to both isocapnic hyperventilation of cold air and methacholine. Most normal non-atopic, non-smoking subjects, however, have a minimal response to isocapnic hyperventilation of cold air. Recently Chatham and coworkers'9 described a rapid methacholine inhalation challenge which gives responses that correlate well with those of the standard methacholine protocol. Normal people, however, show a wide range of sensitivity to histamine and methacholine, their responses often overlapping those of patients with asthma.6 19 0 The airway response in normal subjects challenged with isocapnic hyperventilation of cold air is usually minimal unless conditions are extreme.2' Thus care is needed in interpretating the results of the various bronchial challenge tests.3 22 There is often difficulty in defining the cut-off level between normal and asthmatic subjects and those with an atopic history. Previous studies suggest that there is a continuous distribution of response of non-specific airway reactivity in the population. There are now two rapid screening tests for nonspecific airway reactivity. Isocapnic hyperventilation of cold air has recently been used in an occupational study. 23 Further study is necessary to define the sensitivity and specificity of these tests as well as their acceptability in occupational and population studies. 
